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3ODVPLGV DFFHOHUDWH EDFWHULDO DGDSWDWLRQ E\ VKDULQJ HFRORJLFDOO\ LPSRUWDQW WUDLWV EHWZHHQ
OLQHDJHV +RZHYHUH[SODLQLQJSODVPLGVWDELOLW\LQEDFWHULDOSRSXODWLRQVLVFKDOOHQJLQJGXHWR
WKHLU DVVRFLDWHG FRVWV 3UHYLRXV WKHRUHWLFDO DQG H[SHULPHQWDO VWXGLHV VXJJHVW WKDW SXOVHG
SRVLWLYH VHOHFWLRQ PD\ H[SODLQ SODVPLG VWDELOLW\ E\ IDYRXULQJ JHQH PRELOLW\ DQG SURPRWLQJ
FRPSHQVDWRU\ HYROXWLRQ WR DPHOLRUDWH SODVPLG FRVW +HUH ZH WHVW KRZ WKH IUHTXHQF\ RI
SXOVHGSRVLWLYHVHOHFWLRQDIIHFWHGWKHG\QDPLFVRIDPHUFXU\UHVLVWDQFHSODVPLGS4%5
LQH[SHULPHQWDOSRSXODWLRQVRI3VHXGRPRQDVIOXRUHVFHQV 6%:3ODVPLG G\QDPLFVYDULHG
DFFRUGLQJ WR WKH IUHTXHQF\ RI +J SRVLWLYH VHOHFWLRQ LQ WKH DEVHQFH RI +J SODVPLGV
GHFOLQHG WR ORZIUHTXHQF\ZKHUHDV SXOVHVRI +J VHOHFWLRQDOORZHGSODVPLGV WR VZHHS WR
KLJK SUHYDOHQFH &RPSHQVDWRU\ HYROXWLRQ WR DPHOLRUDWH WKH FRVW RI SODVPLG FDUULDJH ZDV
ZLGHVSUHDGDFURVVWKHHQWLUHUDQJHRI+J VHOHFWLRQUHJLPHVLQFOXGLQJERWKFRQVWDQWDQG
SXOVHG+J VHOHFWLRQ&RQVLVWHQWZLWKWKHRUHWLFDOSUHGLFWLRQVJHQHPRELOLW\YLDFRQMXJDWLRQ
DSSHDUHGWRSOD\DJUHDWHU UROHLQ SURPRWLQJ SODVPLGVWDELOLW\XQGHU ORZIUHTXHQF\SXOVHVRI
+J VHOHFWLRQ+RZHYHUXSRQUHPRYDORI+JVHOHFWLRQSODVPLGVZKLFKKDGHYROYHGXQGHU
ORZIUHTXHQF\ SXOVH VHOHFWLYH UHJLPHV GHFOLQHG RYHU WLPH 2XU ILQGLQJV VXJJHVW WKDW
WHPSRUDOO\ YDULDEOH VHOHFWLRQ HQYLURQPHQWV VXFK DV WKRVH FUHDWHG GXULQJ DQWLELRWLF
WUHDWPHQWVPD\KHOSWRH[SODLQWKHVWDELOLW\RI PRELOHSODVPLGHQFRGHGUHVLVWDQFH

.(<:25'6
H[SHULPHQWDO HYROXWLRQ IOXFWXDWLQJ VHOHFWLRQ FRPSHQVDWRU\ HYROXWLRQ KRUL]RQWDO JHQH
WUDQVIHUSODVPLGPHUFXU\UHVLVWDQFH

,1752'8&7,21
&RQMXJDWLYH SODVPLGV DUH H[WUDFKURPRVRPDO JHQHWLF HOHPHQWV WKDW DORQJVLGH WKH JHQHV
UHTXLUHGIRU WKHLURZQUHSOLFDWLRQPDLQWHQDQFHDQG WUDQVIHU FDUU\FDUJRVRI DFFHVVRU\
JHQHV HQFRGLQJ IXQFWLRQDO WUDLWV &RPPRQ SODVPLGHQFRGHG DFFHVVRU\ WUDLWV LQFOXGH
UHVLVWDQFH WR WR[LQV YLUXOHQFH IDFWRUV DQG PHWDEROLF FDSDELOLWLHV  %\ WUDQVIHUULQJ
HFRORJLFDOO\ LPSRUWDQW IXQFWLRQDO WUDLWV ZLWKLQ DQG EHWZHHQEDFWHULDO OLQHDJHV DQGVSHFLHV
SODVPLGV FDQ DFFHOHUDWH EDFWHULDO DGDSWDWLRQ  7KHUHIRUH WKHG\QDPLFV DQG VWDELOLW\RI
FRQMXJDWLYH SODVPLGV LQ EDFWHULDO SRSXODWLRQV KDYH SRWHQWLDOO\ LPSRUWDQW LPSOLFDWLRQV IRU
XQGHUVWDQGLQJ EDFWHULDOHYROXWLRQ 1HYHUWKHOHVV LW UHPDLQVFKDOOHQJLQJ WRH[SODLQ WKH
ORQJWHUPVWDELOLW\RISODVPLGV7KLVLVEHFDXVHSODVPLGPDLQWHQDQFHLVIUHTXHQWO\FRVWO\IRU
WKH EDFWHULDO KRVW FHOO  $OWKRXJK VXFK FRVWV PD\ EH RXWZHLJKHG E\ WKH EHQHILWV RI
SODVPLGHQFRGHG IXQFWLRQDO WUDLWV LQ VRPHHQYLURQPHQWV  WKHRU\ SUHGLFWV WKDW SODVPLGV
VKRXOG EH HYROXWLRQDULO\ XQVWDEOH ZKHWKHU SDUDVLWLF LH FRVWV RXWZHLJK EHQHILWV RU
PXWXDOLVWLF LH EHQHILWV RXWZHLJK FRVWV ± ,Q WKH VKRUW WHUP SDUDVLWLF SODVPLGV DUH
H[SHFWHG WR GHFOLQH LQ IUHTXHQF\ GXH WR QHJDWLYH VHOHFWLRQ VLQFH REVHUYHG UDWHV RI
KRUL]RQWDOWUDQVPLVVLRQDSSHDUWRRORZ WRFRXQWHUDFWWKLVSURFHVV :KLOHPXWXDOLVWLF
SODVPLGV FDQ EH WHPSRUDULO\ IDYRXUHG E\ SRVLWLYH VHOHFWLRQ IRU DFFHVVRU\ JHQH IXQFWLRQV
WKH\ DUH H[SHFWHG WR GHFOLQH LQ IUHTXHQF\ RYHU ORQJHU HYROXWLRQDU\ WLPHVFDOHV 7KLV LV
EHFDXVH WKHXVHIXODFFHVVRU\JHQHVFDQEHLQWHJUDWHGLQWR WKHFKURPRVRPH UHQGHULQJ WKH
SODVPLG EDFNERQH GLVSHQVDEOH 7KXV FRQVLVWHQW SRVLWLYH VHOHFWLRQ IRU DFFHVVRU\ JHQHV
VKRXOG IDYRXU SODVPLGIUHH FHOOV ZLWK WKH DFFHVVRU\ WUDLWV RQ WKHLU FKURPRVRPH ZKLFK
RXWFRPSHWHSODVPLGEHDUHUVZKRVWLOOSD\WKHFRVWRISODVPLGFDUULDJH 

,Q ERWK QDWXUDO DQG FOLQLFDO HQYLURQPHQWV SODVPLGV DUH OLNHO\ WR H[SHULHQFH WHPSRUDOO\
YDULDEOH VHOHFWLRQ UHVXOWLQJ LQ IOXFWXDWLQJ SRVLWLYH VHOHFWLRQ IRU WKH DFFHVVRU\ JHQHV WKH\
FDUU\ ±5HFHQW WKHRU\VXJJHVWVWKDW WHPSRUDOO\KHWHURJHQHRXVHQYLURQPHQWVZKHUH
SODVPLGV H[SHULHQFH SXOVHG SRVLWLYH VHOHFWLRQ PD\ IDYRXU WKHLU PDLQWHQDQFH WKURXJK WZR
QRQPXWXDOO\H[FOXVLYHPHFKDQLVPV  )LUVWO\UDUHSXOVHVRIVWURQJSRVLWLYHVHOHFWLRQ
FDQWKHRUHWLFDOO\ SURPRWHWKHPDLQWHQDQFHRIFRQMXJDWLYHSODVPLGVFDUU\LQJ DFFHVVRU\JHQH
IXQFWLRQV 7KLV RFFXUV EHFDXVH SODVPLGIUHH FHOOV RXWFRPSHWH ERWK SODVPLGEHDUHUV DQG
FHOOVZLWKFKURPRVRPDODFFHVVRU\JHQHVEHWZHHQERXWVRI SRVLWLYHVHOHFWLRQEXWRQO\ WKH
SODVPLGHQFRGHGFRSLHVRIWKHDFFHVVRU\JHQHV FDQFRQMXJDWHLQWR WKHVHSODVPLGIUHHFHOOV
7KHVHSODVPLGEHDULQJWUDQVFRQMXJDQW FHOOVFDQWKHQVZHHSWRKLJKIUHTXHQF\XSRQWKHQH[W
SXOVHRI SRVLWLYHVHOHFWLRQ ,QFRQWUDVWZKHUHSXOVHVRISRVLWLYHVHOHFWLRQDUHIUHTXHQW
WKH IUHTXHQF\ RI SODVPLGIUHH FHOOV DQG WKXV WKH EHQHILWV RI FRQMXJDWLRQ DUH UHGXFHG
7KHUHIRUH XQGHU FRQVWDQW RU KLJK IUHTXHQF\ SXOVHV RI SRVLWLYH VHOHFWLRQ FHOOV ZLWK
FKURPRVRPDODFFHVVRU\JHQHVDUHIDYRXUHGDWWKHH[SHQVHRIDFFHVVRU\JHQHVHQFRG HGRQ
WKHFRQMXJDWLYHSODVPLG6HFRQGO\SXOVHVRISRVLWLYHVHOHFWLRQKDYHEHHQVKRZQWRSURPRWH
FRPSHQVDWRU\ HYROXWLRQ WR DPHOLRUDWH WKH FRVW RI SODVPLG FDUULDJH WKHUHE\ ZHDNHQLQJ
QHJDWLYH VHOHFWLRQ DJDLQVW WKH SODVPLGEDFNERQH 7KLV RFFXUV EHFDXVH SRVLWLYH VHOHFWLRQ
WHPSRUDULO\ LQFUHDVHV WKH SRSXODWLRQ VL]H RI SODVPLGEHDULQJ FHOOV WKXV LQFUHDVLQJ WKH
SUREDELOLW\WKDWWKH\ZLOOJDLQ FRPSHQVDWRU\PXWDWLRQV  &RPSHQVDWRU\HYROXWLRQDSSHDUV
WREHDIDLUO\JHQHUDOPHFKDQLVPE\ZKLFKSODVPLGVXUYLYDOLVHQVXUHGLWKDVEHHQREVHUYHG
LQ D UDQJH RI EDFWHULDSODVPLG LQWHUDFWLRQV ± DQG DFURVV HQYLURQPHQWV ZKHUH WKH
ILWQHVVHIIHFWRISODVPLGDFTXLVLWLRQUDQJHVIURPSDUDVLWLFWRPXWXDOLVWLF 

+HUHZHWHVWHGKRZWKHIUHTXHQF\RISXOVHGSRVLWLYHVHOHFWLRQDIIHFWHGSODVPLGVWDELOLW\ LH
WKH VWDEOH PDLQWHQDQFH RI WKH SODVPLG LQ WKH EDFWHULDO SRSXODWLRQ :H H[SHULPHQWDOO\
HYROYHGSRSXODWLRQVRI3VHXGRPRQDVIOXRUHVFHQV 6%:ZLWKWKHPHUFXU\UHVLVWDQFH+J5
SODVPLGS4%5 DFURVVDUDQJHRIWUHDWPHQWVYDU\LQJ LQWKHIUHTXHQF\RIH[SRVXUHWR
WR[LFFRQFHQWUDWLRQVRIPHUFXULFLRQV +J 0HUFXULFLRQV DUHQRUPDOO\OHWKDOWRWKHEDFWHULDO
FHOOELQGLQJ WRSURWHLQVXOIK\GU\OJURXSV DQGFDXVLQJPDMRUFHOOXODUGLVUXSWLRQ+RZHYHU
LQ WKLV EDFWHULDSODVPLG V\VWHP S4%5 HQFRGHV D 7Q WUDQVSRVRQ ZKLFK LQ WXUQ
KDUERXUVDPHUFXU\UHVLVWDQFHRSHURQ PHUWKDWFDWDO\VHV UHGXFWLRQRI +J WRDOHVVWR[LF
IRUP +J 7KXVZKLOH LQ WKHDEVHQFH RI +J S4%5 LPSRVHV D ODUJH ILWQHVVFRVW RQ
6%: DW KLJKHU +J FRQFHQWUDWLRQV WKLV ILWQHVV FRVW LV RIIVHW E\ EHQHILW RI +J5 
3RSXODWLRQVZHUHSURSDJDWHGXQGHU RQHRIVL[WUHDWPHQWVLQWKHDEVHQFHRIPHUFXU\XQGHU
FRQVWDQWPHUFXU\ VHOHFWLRQ RUSXOVHG PHUFXU\VHOHFWLRQ DW YDU\LQJWLPHLQWHUYDOVLHHYHU\
  RU  WUDQVIHUV $IWHU  WUDQVIHUV RI WKHVH VHOHFWLRQ UHJLPHV DOO SRSXODWLRQV ZHUH
SURSDJDWHG IRU D IXUWKHU  WUDQVIHUV LQ WKH DEVHQFH RI +J WR WHVW WKH HIIHFW RI SULRU
HYROXWLRQXQGHUWKHYDU\LQJIUHTXHQFLHVRISXOVHGSRVLWLYHVHOHFWLRQRQORQJHUWHUPSODVPLG
VWDELOLW\ 7KURXJKRXW WKH H[SHULPHQW ZH WUDFNHG SODVPLG SUHYDOHQFH DQG WKH IUHTXHQF\RI
SKHQRW\SHVDVVRFLDWHGZLWKDSUHYLRXVO\GHVFULEHGPHFKDQLVPRIFRPSHQVDWRU\HYROXWLRQ LQ
WKLVEDFWHULDSODVPLGLQWHUDFWLRQ

0$7(5,$/6$1'0(7+2'6

6WUDLQVDQGFXOWXUHFRQGLWLRQV

([SHULPHQWV XVHG 3 IOXRUHVFHQV 6%:  GLIIHUHQWLDOO\PDUNHG ZLWKHLWKHUJHQWDPLFLQ
UHVLVWDQFH *P5 RU VWUHSWRP\FLQ UHVLVWDQFH  ODF= 6P5ODF= FDVVHWWHV  DOORZLQJ
WKHPWR EH GLVWLQJXLVKHGRQVHOHFWLYHDJDUSODWHVDVSUHYLRXVO\GHVFULEHG S4%5
ZDVFRQMXJDWHGLQWRWKH*P5 EDFNJURXQGXVLQJVWDQGDUGPHWKRGV $OOH[SHULPHQWV
ZHUHFRQGXFWHG LQPO.%EURWK LQPOPLFURFRVPVVKDNLQJDWUSPDQG LQFXEDWHGDW
& 7KH FDUU\LQJ FDSDFLW\ RI .% PLFURFRVPV LV DSSUR[LPDWHO\  [  &)8PO
6XSSOHPHQWDU\)LJXUH6

6HOHFWLRQH[SHULPHQW

,QGHSHQGHQW RYHUQLJKW FXOWXUHV RI SODVPLGEHDULQJ PHUFXU\ UHVLVWDQW +J5 DQG SODVPLG
IUHHPHUFXU\VHQVLWLYH +J6 VWUDLQV ZHUH PL[HGDWDUDWLRDQGOa FHOOVPOZHUH
XVHGWRLQRFXODWHWUHDWPHQWPLFURFRVPV6L[UHSOLFDWHSRSXODWLRQVZHUHHVWDEOLVKHGIRUHDFK
PHUFXU\WUHDWPHQW3RSXODWLRQVZHUHSURSDJDWHGE\VHULDOWUDQVIHUHYHU\KRXUVIRUD
WRWDO RI  WUDQVIHUV 7ZR µFRQVWDQW¶ WUHDWPHQWV ZHUH HVWDEOLVKHG ZLWK HLWKHU  RU  0
+J&ODGGHGDWHDFKWUDQVIHU,QWKHIRXUSXOVHG WUHDWPHQWVSRSXODWLRQVZHUHJURZQZLWKRXW
PHUFXU\ H[FHSW IRU  0 +J&O DGGHG HYHU\    RU  WUDQVIHUV $IWHU  WUDQVIHUV
DGGLWLRQ RI +J&O ZDV VWRSSHG DQG DOO SRSXODWLRQV ZHUH SURSDJDWHG LQ  0 +J&O IRU D
IXUWKHU  WUDQVIHUV WR PHDVXUH SODVPLG VWDELOLW\ LQ WKH DEVHQFH RI VHOHFWLRQ (YHU\ WZR
WUDQVIHUVSRSXODWLRQGHQVLWLHVRIHDFKPDUNHUEDFNJURXQG ZHUHGHWHUPLQHGE\GLOXWLQJDQG
SODWLQJRQWR.%DJDUVXSSOHPHQWHGZLWK  JPO;JDO DQG SRZGHUHGPLON VROXWLRQ,Q
DGGLWLRQIUHTXHQF\RIWKH+J5SKHQRW\SH ZDVGHWHUPLQHGE\VHOHFWLYHSODWLQJRQWR.%DJDU
VXSSOHPHQWHG ZLWK  0 +J&O DQG  JPO ;JDO DQG  PLON 7KH DGGLWLRQ RI PLON
SRZGHU DOORZHG XV WR GHWHUPLQH WKH IUHTXHQF\ RI JDF$JDF6 PXWDQWV *DF LQ WKH
SRSXODWLRQV 3UHYLRXVO\ LW ZDV VKRZQ WKDW ORVV RI IXQFWLRQ PXWDWLRQ WR WKH JDF$JDF6
EDFWHULDOUHJXODWRU\V\VWHPLVWKHPDLQPHFKDQLVPRIFRPSHQVDWRU\HYROXWLRQLQWKLVV\VWHP
DPHOLRUDWLQJ WKHFRVWRIS4%5FDUULDJH LQ 3 IOXRUHVFHQV 6%: 7KHJDF$JDF6
V\VWHPSRVLWLYHO\UHJXODWHVH[SUHVVLRQRIDQH[WUDFHOOXODUSURWHDVHDOORZLQJFRORQLHVRIZLOG 
W\SH*DF 6%:WRGLJHVWDKDOR]RQHRIFOHDULQJDURXQGWKHFRORQ\RQPLONSODWHV 
DOORZLQJ*DF SKHQRW\SHVWREHHDVLO\GLVWLQJXLVKHGIURP*DF PXWDQWVZKLFKFDQQRWIRUP
WKH KDOR 7KH IUHTXHQF\ RI WUDQVFRQMXJDQWV ZDV GHWHUPLQHG E\ VFRULQJ 6P5ODF= PDUNHG
FHOOV WKDW JUHZ RQ +J SODWHV IRUPLQJ D EOXH FRORQ\ 7R FKHFN WKDW +J5 FRORQLHV ZHUH
XQOLNHO\ WR KDYH DULVHQ E\ PXWDWLRQ ZH TXDQWLILHG WKH IUHTXHQF\ RI VSRQWDQHRXV +J5
PXWDWLRQVDJDLQVW 0+JXVLQJWKHIOXFWXDWLRQWHVWDVVD\SURWRFROGHVFULEHGLQUHI 
:HQHYHUGHWHFWHGDQ\VSRQWDQHRXV+J5 PXWDQWVVWURQJO\VXJJHVWLQJPHUFXU\ UHVLVWDQFH
UHTXLUHVWKHPHU RSHURQDQGFRXOGQRWKDYHHYROYHGGHQRYRLQRXUH[SHULPHQWV

$WWKHHQGRIWKH H[SHULPHQW+J5FORQHVIURPHDFKSRSXODWLRQZHUHLVRODWHGDQGFRORQ\
3&5ZDVXVHGWRWHVWZKHWKHUWKHSODVPLGZDVVWLOOSUHVHQWRUZKHWKHULWZDVORVWIROORZLQJ
FKURPRVRPDO DFTXLVLWLRQ RI WKH UHVLVWDQFH JHQHV 3&5V WDUJHWHG RUL9 IRU ¶
7*&&7$$7&*7*7*7$$7*7& ¶ DQG UHY ¶ $&7&7**&&7*&$$*777& ¶ WR
GHWHUPLQH SUHVHQFH RI WKH SODVPLG EDFNERQH DQG PHU$ IRU ¶
7*$$$*$&$&&&&&7$77**$&± ¶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$OO DQDO\VHV ZHUH FRQGXFWHG LQ 5 VWDWLVWLFDO SDFNDJH YHUVLRQ   3DFNDJHV XVHG
ZHUH µQOPH¶ DQG µXVHUIULHQGO\VFLHQFH¶ )RU DOO DQDO\VHV RI +J5 SODVPLG G\QDPLFV WKH
PHUFXU\IUHH WUHDWPHQW ZDV UHPRYHG VR WKDW PHUFXU\ WUHDWPHQWV ZHUH FRPSDUHG WR RQH
DQRWKHU &RPSDULVRQVDFURVVWKHPHUFXU\SXOVHGWUHDWPHQWVORRNLQJDWDYHUDJH SUHYDOHQFH
RI+J5DYHUDJHSURSRUWLRQRIWUDQVFRQMXJDQWV SURSRUWLRQRI*DF SKHQRW\SHV DW7WLPHWR
ILUVW *DF PXWDQW DQG DYHUDJH *DF IUHTXHQF\ RYHU WLPH ZHUH DQDO\VHG XVLQJ :HOFK¶V
$129$ ZLWK PHUFXU\ WUHDWPHQW DV D IL[HG HIIHFW WR DGMXVW IRU QRQKRPRJHQRXV YDULDQFH
DFURVVWUHDWPHQWV&RPSDULVRQVRI*DF G\QDPLFVDFURVVSODVPLGEHDULQJDQGSODVPLGIUHH
SRSXODWLRQVZHUHDQDO\VHGXVLQJ:HOFK¶V$129$ZLWKSUHVHQFHRISODVPLGDVDIL[HGHIIHFW
0DLQWHQDQFHRI+J5 RYHUWLPHEHWZHHQ7 DQG7 ZDVDQDO\VHGXVLQJ OLQHDUPL[HGHIIHFWV
PRGHOV ZLWKPHUFXU\WUHDWPHQWDQGWLPHDVIL[HGHIIHFWVDQGUDQGRPHIIHFWVRISRSXODWLRQ
RQLQWHUFHSWDQGVORSHWRDFFRXQWIRUUHSHDWHGVDPSOLQJRISRSXODWLRQVWKURXJKWLPH)L[HG
HIIHFWVZHUHDVVHVVHGXVLQJ/LNHOLKRRG5DWLR7HVWVRQQHVWHGPRGHOV

5(68/76

+J5 SODVPLG G\QDPLFV YDULHG EHWZHHQ PHUFXU\ WUHDWPHQWV 3RSXODWLRQV ZHUH
SURSDJDWHG IRU  WUDQVIHUV HLWKHU ZLWKRXW PHUFXU\ ZLWK PHUFXU\ DGGLWLRQ HYHU\ WUDQVIHU
FRQVWDQW PHUFXU\ RU LQ SXOVHG WUHDWPHQWV ZKHUH PHUFXU\ H[SRVXUH RFFXUUHG DW YDU\LQJ
WLPH LQWHUYDOV LHHYHU\RUWUDQVIHUVDQGWKHIUHTXHQF\RI+J5 ZDVPHDVXUHG
HYHU\VHFRQGWUDQVIHU ,QDOOWUHDWPHQWVZKHUH +J5 ZDVGHWHFWHG3&5DQDO\VLVRQHQGSRLQW
FORQHVUHYHDOHG WKDW+J5 UHPDLQHGDVVRFLDWHGZLWK WKHSODVPLG LH ZHGLGQRWGHWHFWDQ\
PXWDQWV ZKLFK KDG DFTXLUHG FKURPRVRPDO PHU DQG ORVW WKH SODVPLG EDFNERQH ,Q WKH
PHUFXU\IUHH WUHDWPHQW +J5 FHOOV KDUERXULQJ S4%5 ZHUH UDSLGO\ RXWFRPSHWHG E\
SODVPLGIUHH +J6 FHOOV DV H[SHFWHG EDVHG RQ WKH NQRZQ ILWQHVV FRVW DVVRFLDWHG ZLWK
FDUU\LQJS4%5 )LJXUH  %\FRQWUDVWXQGHUFRQVWDQWPHUFXU\VHOHFWLRQ+J5 ZDV
PDLQWDLQHG DWKLJKSUHYDOHQFH LQDOO SRSXODWLRQV 'XULQJWKHILUVWWUDQVIHUV+J5 SUHYDOHQFH
YDULHG DFURVV SXOVHG WUHDWPHQWV VXFK WKDW PHDQ SUHYDOHQFH DYHUDJHG RYHU WLPH ZDV
VLJQLILFDQWO\KLJKHUXQGHUPRUHIUHTXHQWSXOVHV 6XSSOHPHQWDU\)LJXUH6 ())(&7 2) 0(5&85<
75($70(17 )  S

,Q DOO SXOVHG PHUFXU\ WUHDWPHQWV SODVPLG SUHYDOHQFH GHFOLQHG SULRU WR WKH LQLWLDO PHUFXU\
SXOVH+RZHYHU LQ DOO FDVHVD VLQJOHPHUFXU\ SXOVHZDVVXIILFLHQW WR VZHHS +J5 WR KLJK
IUHTXHQFLHVVXFKWKDWE\ WUDQVIHUE\ZKLFKWLPHHYHU\SXOVHGWUHDWPHQW KDGH[SHULHQFHG
DW OHDVW  PHUFXU\ SXOVH +J5 ZDV DW KLJK IUHTXHQF\ LQ DOO SRSXODWLRQV DQG GLG QRW GLIIHU
VLJQLILFDQWO\EHWZHHQSXOVHGWUHDWPHQWV())(&7 2) 0(5&85< 75($70(17 ) S 
7KH LQFUHDVH LQ +J5 IUHTXHQF\ ZDV SDUWLFXODUO\ VWULNLQJ LQ SRSXODWLRQV IURP WKH WUHDWPHQW
ZLWKWKH ORZHVWIUHTXHQF\RIPHUFXU\SXOVH LHVLQJOHSXOVHDW7 ZKHUHSULRUWRWKHSXOVH
+J5 ZDVYLUWXDOO\XQGHWHFWDEOH )LJXUH  7RJHWKHU WKHVH UHVXOWV GHPRQVWUDWH DFURVV WKH
ILUVW  WUDQVIHUV WKDW KLJKHU IUHTXHQF\SXOVHVRI SRVLWLYH VHOHFWLRQ IDYRXUHG KLJKSODVPLG
SUHYDOHQFH EXW DOVR WKDW HYHQ UDUH SRVLWLYH VHOHFWLRQ HYHQWV FRXOG ERRVW SODVPLG
SHUVLVWHQFHDWOHDVWLQWKHVKRUWWHUP

&RPSHQVDWRU\HYROXWLRQRFFXUUHGDFURVVDOOPHUFXU\WUHDWPHQWV :HVFUHHQHGWKH +J5
IUDFWLRQ RI HDFK SRSXODWLRQ WR GHWHUPLQH WKH SUHVHQFH RI SKHQRW\SHV DVVRFLDWHG ZLWK
FRPSHQVDWRU\HYROXWLRQ,QWKLVEDFWHULDSODVPLGLQWHUDFWLRQZHKDYHSUHYLRXVO\GHVFULEHGD
PHFKDQLVPRI FRPSHQVDWRU\HYROXWLRQDVVRFLDWHGZLWK WKH ORVVRI IXQFWLRQ LQ WKH EDFWHULDO
JDF$JDF6 WZRFRPSRQHQW UHJXODWRU  7KH JDF$JDF6 V\VWHP LV HQFRGHG E\ WKH
EDFWHULDO FKURPRVRPH DQG FRQWUROV WKH H[SUHVVLRQRIJHQHV LQYROYHG LQ DEURDG UDQJHRI
ELRORJLFDOIXQFWLRQVLQFOXGLQJVHFRQGDU\PHWDEROLVP YLUXOHQFHDQGPRWLOLW\ $GGLWLRQ
RI PLON SRZGHU WR DJDU SODWHV DOORZHG XV WR VFUHHQ IRU *DF SKHQRW\SHV FHOOV FDUU\LQJ
JDF$JDF6 FRPSHQVDWRU\ PXWDWLRQV ZHUH XQDEOH WR SURGXFH WKH H[WUDFHOOXODU SURWHDVHV
FDSDEOHRIGLJHVWLQJPLON :H WKHUHIRUHXVHG WKLVSKHQRW\SH WRFRPSDUH WKH IUHTXHQF\RI
*DF SKHQRW\SHVEHWZHHQWUHDWPHQWV*DF  SKHQRW\SHVDURVHLQERWKSODVPLGEHDULQJDQG
SODVPLGIUHHFHOOV VKRZQ LQ)LJXUHDQG6XSSOHPHQWDU\)LJXUH6UHVSHFWLYHO\ 7KLV LV
QRWQHFHVVDULO\VXUSULVLQJJLYHQWKDW JDF$JDF6 ORFLDUHNQRZQWRKDYH DQHOHYDWHGPXWDWLRQ
UDWH UHODWLYHWRWKHJHQRPHDVDZKROH $PRQJWKHSODVPLGEHDUHUVZHIRXQG WKDW *DF
SKHQRW\SHVDSSHDUHGUDSLGO\LQDOOPHUFXU\WUHDWPHQWV DQGZHUHPDLQWDLQHGIRUWKHGXUDWLRQ
RI WKH H[SHULPHQW )LJXUH  7KLV ZDV QRW REVHUYHG LQ SODVPLGIUHH FRQWURO SRSXODWLRQV
6XSSOHPHQWDU\)LJXUH6ZKHUH*DF SKHQRW\SHVDSSHDUHG ODWHU3/$60,'%($5,1*963/$60,'
)5(( ) 3DQGUHPDLQHGDWVLJQLILFDQWO\ORZHUIUHTXHQF\3/$60,'%($5,1*96
3/$60,')5(( ) 3  7KLVLVFRQVLVWHQWZLWKRXUSUHYLRXVGDWDVKRZLQJWKDW
GHOHWLRQRI JDF$JDF6 ZDVRQO\EHQHILFLDO LQFHOOVZLWK WKHS4%5SODVPLG EXW KDGQR
VLJQLILFDQWILWQHVVHIIHFWVLQSODVPLGIUHH6%::LWKLQSODVPLGFRQWDLQLQJWUHDWPHQWV
WKHUH ZDV QR VLJQLILFDQW HIIHFW RI PHUFXU\ WUHDWPHQW RQ *DF  IUHTXHQF\ LQ WKH SODVPLG
EHDULQJSRSXODWLRQRYHUWKHVHOHFWLYHSHULRG RIWKHH[SHULPHQW LHDYHUDJHGRYHUWUDQVIHU
())(&72)0(5&85<75($70(17 ) S RUWKH SURSRUWLRQ*DF PXWDQWVDW7
())(&7 2) 0(5&85< 75($70(17 )    3    VXJJHVWLQJ WKDW DPHOLRUDWLRQ RI WKH
SODVPLG FRVW ZDV VWURQJO\ IDYRXUHG DFURVV DOO FRQGLWLRQV UHJDUGOHVV RI PHUFXU\ H[SRVXUH
)XUWKHUPRUHWKHUHZDVQRVLJQLILFDQWHIIHFWRIPHUFXU\WUHDWPHQWRQWLPHW DNHQIRU*DF
PXWDQWVWRDULVH*DF SKHQRW\SHVDURVHUDSLGO\DFURVVDOOWKHSODVPLGEHDULQJSRSXODWLRQV
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
,QIUHTXHQWSXOVHVSURPRWHGSODVPLGWUDQVIHULQWR+J6 UHFLSLHQWV7KHRU\VXJJHVWV WKDW
ORQJHU LQWHUYDOVEHWZHHQ SXOVHVRIVHOHFWLRQ PD\ IDYRXU FRQMXJDWLYHSODVPLG WUDQVIHU 
7KLVRFFXUV E\DOORZLQJWKHVXUYLYDODQGSURSDJDWLRQRISODVPLGIUHH+J6 EDFWHULDZKLFKFDQ
WKHQ DFW DV UHFLSLHQW KRVWV IRU WKHSODVPLG 7KH IUHTXHQF\ RI WUDQVFRQMXJDQWV DFURVV
HDFK SRSXODWLRQ UHYHDOHG WKDW WKH OHYHO RI FRQMXJDWLYH SODVPLG WUDQVIHU VLJQLILFDQWO\
LQFUHDVHG ZLWK GHFUHDVLQJ IUHTXHQF\ RI SXOVHG PHUFXU\ VHOHFWLRQ )LJXUH  GDWD IRU
LQGLYLGXDO UHSOLFDWH SRSXODWLRQV VKRZQ LQ 6XSSOHPHQWDU\ )LJXUH 6 ())(&7 2) 0(5&85<
75($70(17 )    S   7KLV LV OLNHO\ WR KDYH EHHQGULYHQ E\ IUHTXHQW PHUFXU\
SXOVHV UHGXFLQJ WKH IUHTXHQF\ RI SODVPLGIUHH FHOOV 6XSSOHPHQWDU\ )LJXUH 6 ZKHUHDV
OHVVIUHTXHQWPHUFXU\SXOVHVDOORZHGSODVPLGIUHHFHOOV WR ULVH WRKLJKIUHTXHQF\DOORZLQJ
JUHDWHURSSRUWXQLW\ IRUFRQMXJDWLRQ IURP WKHUHPDLQLQJSODVPLGEHDULQJ FHOOV7KHUHIRUH LQ
WUHDWPHQWV ZLWKUDUHSXOVHVRISRVLWLYHVHOHFWLRQFRQMXJDWLRQLQGHHGDSSHDUVWRSOD\DODUJHU
UROHLQWKHSHUVLVWHQFH RI+J5 ZLWKLQSRSXODWLRQV

+LJK IUHTXHQF\ SXOVHV VWDELOLVHG +J5 SODVPLGV RYHU WKH ORQJHU WHUP $IWHU 7 DOO
SRSXODWLRQV ZHUH SURSDJDWHG ZLWKRXW PHUFXU\ WR WHVW KRZ DGDSWDWLRQ WR WKH YDULRXV
VHOHFWLRQ UHJLPHV KDG DIIHFWHG SODVPLG VWDELOLW\ LQ WKH DEVHQFH RI SRVLWLYH VHOHFWLRQ +J5
VWDELOLW\YDULHGDFFRUGLQJWRWKHSDVWIUHTXHQF\RISXOVHGSRVLWLYHVHOHFWLRQ)LJXUH 7,0( ;
0(5&85< 75($70(17 F     3    &RPSDULVRQV UHYHDOHG WKDW WKLV HIIHFW ZDV
ODUJHO\GULYHQE\WKHSRSXODWLRQVVXEMHFWHGWRDVLQJOH PHUFXU\SXOVHDW7E   W
 S ZKHUH+J5 VWHDGLO\GHFOLQHGRYHUWLPHLQWKHDEVHQFHRIPHUFXU\
VHOHFWLRQ ZKHUHDV +J5 ZDV VWDEOH LQ SRSXODWLRQV IURP DOO RI WKH RWKHU SXOVHG PHUFXU\
WUHDWPHQWV
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
8QGHUVWDQGLQJWKHFRQGLWLRQVWKDWIDYRXUWKHVWDELOLW\RIFRQMXJDWLYHSODVPLGVLVLPSRUWDQWIRU
XQGHUVWDQGLQJ EDFWHULDO HYROXWLRQ  0RVW H[SHULPHQWDO VWXGLHV RI SODVPLG
VWDELOLW\ KDYH XVHG FRQVWDQW HQYLURQPHQWDO FRQGLWLRQV \HW LQ QDWXUH EDFWHULD LQKDELW
HQYLURQPHQWV WKDWDUH OLNHO\ WR EH WHPSRUDOO\ YDULDEOH ZLWK SXOVHVRI SRVLWLYHVHOHFWLRQ IRU
SODVPLGERUQH WUDLWV :KLOH WKHUHKDYHEHHQ WKHRUHWLFDOVWXGLHVRI WKH LPSDFWRI
SXOVHG SRVLWLYH VHOHFWLRQ RQ FRQMXJDWLYH SODVPLG VWDELOLW\  WKHUH KDYH EHHQ IHZ
H[SHULPHQWDOWHVWV KRZHYHU VHH  DQG IRUVWXGLHVRQQRQFRQMXJDWLYHSODVPLGVDQG
LQWHJUDVHVUHVSHFWLYHO\ +HUHZHVKRZVKRUWWHUPDQGORQJHUWHUPHIIHFWVRIWKHIUHTXHQF\
RI SXOVHGSRVLWLYH VHOHFWLRQ RQ WKH VWDELOLW\RI DPHUFXU\ UHVLVWDQFHSODVPLG ,Q WKH VKRUW
WHUPFRQVWDQWRUIUHTXHQWSXOVHVRISRVLWLYHVHOHFWLRQDOORZHGSODVPLGVWREH PDLQWDLQHGDW
KLJKHUSUHYDOHQFHEXWHYHQLQ WUHDWPHQWVZKHUHWKHSODVPLGKDGGHFOLQHGWRXQGHWHFWDEOH
OHYHOV WKH ILUVW SXOVH RI SRVLWLYH VHOHFWLRQ ZDV VXIILFLHQW WR VZHHS WKH SODVPLG WR KLJK
SUHYDOHQFH 6XUSULVLQJO\ WKHKLJK SODVPLGSUHYDOHQFH REVHUYHG XQGHU IUHTXHQW SXOVHVGLG
QRWDSSHDUWRDIIHFWWKHUDWHRIFRPSHQVDWRU\HYROXWLRQ YLDORVVRIIXQFWLRQPXWDWLRQVWRWKH
JDF$JDF6 SDWKZD\  ZKLFK DURVH LQ DOO PHUFXU\ HQYLURQPHQWV ,Q WKH ORQJHU WHUP
KRZHYHUSODVPLGVWKDWRQO\H[SHULHQFHGDVLQJOHSXOVH RISRVLWLYHVHOHFWLRQGLGDSSHDUWREH
DWDGLVDGYDQWDJHIROORZLQJWKHUHPRYDORISRVLWLYHVHOHFWLRQSODVPLGVHYROYHG XQGHUKLJK
IUHTXHQF\ RU FRQVWDQW SRVLWLYH VHOHFWLRQ UHPDLQHG DW KLJK SUHYDOHQFH ZKHUHDV SODVPLGV
HYROYHGXQGHUWKHORZHVWIUHTXHQF\RISRVLWLYHVHOHFWLRQGHFOLQHG

3UHYLRXV WKHRUHWLFDO DQDO\VLV RI SODVPLG VWDELOLW\ SUHGLFWHG WKDW KRUL]RQWDOO\WUDQVIHUDEOH
SODVPLGHQFRGHGUHVLVWDQFH ZRXOGEH IDYRXUHG RYHUFKURPRVRPDOO\HQFRGHGUHVLVWDQFH E\
UDUHSXOVHVRIVWURQJSRVLWLYHVHOHFWLRQ7KLVLVSUHGLFWHGWRRFFXUEHFDXVHSODVPLGIUHH
FHOOV ZKLFK SD\ QR FRVW RI FDUU\LQJ WKH UHVLVWDQFH JHQH FDQ RXWFRPSHWH ERWK SODVPLG
HQFRGHGDQGFKURPRVRPDOO\HQFRGHGUHVLVWDQWJHQRW\SHVLQWKHLQWHUYDOVEHWZHHQSXOVHVRI
SRVLWLYHVHOHFWLRQ:KLOHWKLVOHDGVWRWKHORVVRIFKURPRVRPDO UHVLVWDQFHSODVPLGHQFRGHG
UHVLVWDQFHFDQ WUDQVIHUE\FRQMXJDWLRQ LQWR WKH SRSXODWLRQRI SODVPLGIUHHFHOOVDQG WKHVH
WUDQVFRQMXJDQWV PD\ WKHQ VZHHS WR KLJK IUHTXHQF\ IROORZLQJ WKH QH[W SXOVH RI SRVLWLYH
VHOHFWLRQ  $OWKRXJK ZH GLG QRW REVHUYH WKH HPHUJHQFH RI FKURPRVRPDOO\HQFRGHG
UHVLVWDQFH LQRXUVWXG\ HYHQ WKRXJK WKLVRXWFRPH LVSRVVLEOH LQRXUH[SHULPHQWDO V\VWHP
 ZH GLG REVHUYH WKH RXWFRPSHWLWLRQ RI SODVPLGEHDUHUV E\ SODVPLGIUHH FHOOV GXULQJ
ORQJLQWHUYDOVEHWZHHQLQIUHTXHQWSXOVHVRISRVLWLYHVHOHFWLRQ0RUHRYHUFRQVLVWHQWZLWKWKH
SUHGLFWLRQ RI WKH PRGHO  XQGHU WKH ORZHVW IUHTXHQF\ RI SXOVHG SRVLWLYH VHOHFWLRQ ZH
REVHUYHG D VLJQLILFDQWO\ KLJKHU SURSRUWLRQ RI WUDQVFRQMXJDQW FHOOV GXULQJ WKH H[SHULPHQW
VXJJHVWLQJ WKDWFRQMXJDWLRQSOD\HGDPRUH LPSRUWDQWUROHLQWKHSHUVLVWHQFHRIWKHSODVPLG
ZKHUH SRVLWLYH VHOHFWLRQ ZDV UDUHVW 7KLV LV FRQVLVWHQW ZLWK SUHYLRXV ZRUN ZKLFK
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DQG SODVPLG IUHH FHOOV ZHUH SORWWHG IRU HDFK UHSOLFDWH SRSXODWLRQ DFURVV WKH VL[ VHOHFWLRQϰ
WUHDWPHQWV FRQVWDQWPHUFXU\PHUFXU\SXOVHGHYHU\DQGDQGDEVHQFHRIPHUFXU\*UH\ϱ
EDUV LQGLFDWHWUDQVIHUVZKHUHPHUFXU\ZDVDSSOLHG6ROLG OLQHV LQGLFDWHGRQRUVGRWWHGOLQHV LQGLFDWHϲ
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